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PRESSURE-DISTRIBUTION MEASUREMENTS ON THE HULL AND FINS OF A 1/40-
SCALE MODEL OF THE U. S. AIRSHIP “AKRON “ ~

By HUGH B. FREEMAN

SUMMARY

Thi.9report prezenb th3 resdt8 of 7M4U?UT8?W71t8 Of

pressure distribution concluded in tha propeli%r-rewzrch
wind tunnel of tha NatW Admkory COmnriiteefor
Aeronawtti on a l/@wale model of the U. S. airship
“Akron” (“ZRiS-4”). l%e pre.mww, which were
measured skultaneuusly ai nearly @O orijlkx located
at %’ stations along one m%eof the hwll, were recorded
by two photographic multiple manometer8pfuced i&
th model. 17u hti prewu.w were meimuxedboth m“th
and wiihout th tail s-urfacm and the conirol car for
eight angles of piich varyingfrom 0° to 2?0°and at air
8peed9 of approximately 70 and 100 mi?.e8per hour.
The premures were also meaw.red at approximately 160
o@ice8 on one horizontal jin for the above qweak and
~“tch angles and for nine eleva#orangles.

The integrated tramwerseforces and the iniegraied
moment8 abmd the center of buoyancy we in good
agreement m“th the force-8 and monwnts ?nea8ured on
the balances in th8fork teds. % pressud &z.g of
the hwli w found to be practically zero within tha
accuraqi of th4 te8t8. The prewure force8 on the a$er
portion of tlw hull in the premma of the tail SW@UX
uxre found. to contribute more thun @ per cent of the
totaljin moment8meaauredin theforce tests. Negative
prewures a-sgreat as seven timtx the dynumti pre+wwre
of the undidurbed air 8tream were meawuwi on the
leading edge of the horizontaljin at th 20° pitch angle
with .%OOdown elevator.

INTRODUCTION

A knowledge of the pressure distribution over air-
ship forms is of interest primarily to the airship de-
signer in determiningg the stressesin the hull structure,
the most important of which are due directly or in-
directly to the aerodynamic forces on the hull. Ex-
perimental pressure-distribution results are also useful
in checking theoretical methods of calculating the
pressures on streamline forms, in checking the forces
and moments measured on the balances @ wind-
tunnel tests and, indirectly, in computing the fric-
tional forces on the surface of the hull. Previous
measurements of pressure distribution on good stream-
line shapes at 0° pitch angle have shown that the

r’emdtantof the normal forces on the hull is practkdly
zero; whereas, the tangential or frictional forces
constitute nearly the entire drag of the hull.

The subject tests are a part of a program of research
u.bdertaken at the request of the Bureau of Aero-
nautics, Navy Department, on a l/40-scale model of
the U. S. airship Akron (ZRiS&4), with the object
of determining: (1) The forces and pitching momauts
on the bare hull and on the hull fitted with two
diflerent sets of tail surfaces, (2) the elevator forces
and hinge moments, and (3) the pressure distribution
over the hull and fins. This program was later
extended to include (4) the measurement of total
head in the boundary layer at ten stations on the
hull. The results of (1) and (2) are presented in
reference 1, those of (3) are the subject of the present
report, and the results of the boundary-layer tests
are given in reference 2.

The unusually large size of the model, 19.62 feet in
length and 3.33 feet in maximum diametar, allowed the
tests of pressuredistribution to be conducted at a larger
Reynold$ Number than has previously been obtained
in model teak of a similar nature. The large model
also permitted the multiple manometem, which record
simnltameously400 pressures, to be installed inside the
model, thus greatly expediting this work. The tests
were conducted in the 20-foot propeller-research wind
tunnel of the National Advisory Committae for Aero-
nautics and were completed in July, 1931.

APPARATUSAND TESTS

The model, built in. the shops of the Washington
Navy Yard, is of hollow wooden construction having
36 sides over the fore part of the hull faking into 24
sides near the stern. The length of the hull is 19.62
feet, the maximum diametar 3.33 feet, and the fineness
ratio 5.9. The principal dimensions of the hull and
fins are given in Table I. Four hundred pressure ori-
fices, distributed among 26 stations, were placed along
one side of the hull. The location of the stations and
the distribution of the orifices around the hull are
shown in Figure 1. The ofices, ~~inch in diameter,
were drilled into circukw brass plates ~ inch in diamt+
ter set into and flush with the surface of the hull. The
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Fmrma 1.—I.a3tfon of ori!lm for tha premre mammmants on a l/40zcalemodel of the Akron

(a) TmdcaJzwtfom fn dhwtfon “B-B” at dsdfom a & & I% 14,and 16showingradfalImatfonaof orfdcwfn half. Thraaort6c@markwl“x” plactdat
EM& 4“~d 6OdY

(b) Typfcda?@formfn Won “B-B” attiom 7,9,II, U, and15zhowfngradlalWntfonoforfdcwfn hrdl. ThreaorfRciamarked“x’’plamd atdatfon 7 only.
Orfflmmarked“z” at Sb3Hon II OmftM

(r) TypIcaf !Alor19 fn dfrwtfm “B-B” at statfcm8 andM shmvfngradiaflomtfonof orffkmfn knIL Tkrw orMc@markd “x” placed at station 8 only.
(dJ T@cd swtfons fn dfnxtfon “B-B” at statfom5 and17ahmvfng radfd Iocatfon of orfdm h Iudl. Threa orfE.m mmked “x” placedat sbtion 5only.
(e) &@tIon‘lA-A’! showfng radfaf bcatfon of orl13m at SbtiOiI 2

L/l Typfaf sdfons h dfrdfon “B-B” at *tf0ns8ti 21fnclndv%dIowfIw WhtfOn oforffhmfn hnll. Thr@orillcw markwl“x” placd atstation210nfy.
@) Typical aectlons in dfrwtfon “B-B” at Mom = to M fndndv%shovrfngradfallomtfonof orfkw fn hall. Two ortticmmarked“x” placedatstatlona22

and2Xonly,

258.3-

??mum 2—I.a3Um of the cdkm on the Mark-II En. lMOado modelAkron
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location of the fin orifices is given
in I?igure 2. The fin shown is of
the Mark-II typo, which is de-
scribed in detail in reference 1.

The orifices were connected in-
side the hull to two photographi~re-
cording multiple manometers of the
type shown in Figure 3. Each
manometer consisted of 200 glass
tubes placed about the periphery
of a drum, a long incandescent
light bulb for making the exposures
placed at the center of the drum, a
m.smvoir to which the lower ends
of the tubes. were connected by
means of a circular brass header,
and a box which contained the
photostat paper and the mecha-
nism for changing the paper after
euch exq)osnre. The photostat pa-
per, wound initiaLIyon spool A, was
passed around the metering spool
B and then around the outside of
the glass tubes on the drum and
back into the box, and was wound ~131JBEL—ManometerfneMlationwithinthehnllof l/4J+ca19modelAkron

on the spool C, @&h was driven by an electric motor.
The metering spool was geared to a mechanism that
broke the electric circuit and stopped the motor when
the proper length of paper had been metered out to
encircle the drum.

iOUBII3.—Photqraphbrwmd@ mtdtfplemon~ madbrremrdfng~
sruwcmthel/4MmlemodelAkron

The manometer were mounted inside the model
on cradles, which were free to swing about a “hori.
zorital axis at right angles to the longitudinal axis
of the hull, thus allowing the manometers to re-
main level for the various anglea of pitch. @ig. 4.)
In order to prov-ide a reference line on the recmxls,
six of the glass tubes spaced equidistant about the
cironmference of the drums were connected, together

FIQVEE &-The l/4&sdomdal Aben monntd in the IzWoot propdler-~h
windtunnel

with the reservoirs, to the refe&nce pressure, which
for these te9t9 was the static presanre in the test
chamber.

‘hvcwimultamous recor~ one from each manometer,
gave a complete diagr~ of the pressure distribution
over one side of the hull at one angle of pitch and at one
wind speed. The capacity of the manometers was 18
exposures. Thus, complete diagrams for nine angles
of pitch tmd two wind speeds could be obtained in one
run of about 30 minutes duration.
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The method of mounting the model in the wind
tunnel is shown in Figure 5, smdis described in detail
in reference 1.
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The pressure distribution was measured (1) on the
bare hull at nine angles of pitch (0= –3°, 0°, 3°, 6°,
9°, 12°, 15°, 18°, 20°) and at air speeds of approxi-
mately 70 and 100miles per hour, (2) on the hull with

fins and control car at the above pitch angles and
speeds and for three elevator anglea (I5= 0°, 20°, and
– 20”), and. (3) on one horizontal fin at the above
anglw of pitch and air sp”eedsand for nine elevator
angles (6- –20°, – 15°, – 10°, – 5°, 0°, 6°, 10°,
15°, and 200).

Because of the limited head (about 9 inches) that
could be recorded by the manometers, which did not
allow the low prewurea on the suction. side of the
leading edge of the iin to be meaaured with the ma-
nometers containing alcohol, these prcssurea were
measured in a separate test with the manometers
containing mercury.

PRECISIONOF MEASUREMENTS

The following sources of error affect “the accuraoy of
the measured pressures:

a. Shrinkage of the photographic records.
b. Errors in measursmenta of the manometer

d$lections.
c. Osculation of the manometers.
d. Fluctuations in the velocity and direction of

the air stream.
The errors fi-om a were found, in general, to be less
than 1 per cent and those frem b are believed to be
within * 1 per cant. The combined errors due to a,
c, and d, estimated from a comparison of the pressures
over the nose of the hull from Wlerent test records
were of the order of +2.5 per cent. The portion of
these errors. contributed by the oscillation of the
manometms is believed to be small mcept for the
high-speed, high-pitih-angle condition when the model
was obsenwd to be quite unsteady. Additional small
errors may have been introduced owing to the fact
that some of the orifices had pulled into tho surface
slightly. The relative accuracy of the point pressures,
for any particular test, is best shown by the plots of
the observed values presented in Figure 6. Tho
scattering of the vahm from a mean curve is small.

RESULTSAND DISCUSSION

Because of the great mass of observed and derived
data obtained in the present teats,it has been necessary
to limit the results presented here to relatively few
data representative of the whole.

The results have been presented in terms of the
dynamic pressure g of the ti stream and have been
corrected for the difference between the local static
pressure in the air stream and the reference pressure.
This correctio’!nconsisted simply of subtracting from
the pressures at any section of the model the static
pressure of the air stream, measured in the absence of
the model, at tlip corresponding position along the
axis of the tunn~. - This correction should reduce the
presiure of the st&nation point at the nose of the hull,
with the model at 0° pitch, to n value equal to tho
dymunic pressure q. The mean value of plg for this
station (where p is the pressure) obtained from eight
difTerenttests was 1.005.
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The variation in static. pressure along the hull,
measured in the absence of the modeI, is given in the
following table:

where a is the axial distsnce from the nose of the model,
L is the length of the model, and p is the static pres-
sure at any point on the axis.

The observed values of the point pressures on the
bare hull are presented in Table H and are plotted in

Distmce fm nosq feet

~OIIRE 7.—hIldtudhd diShibdfOU Ofp~ )iOW thlw fo@todfnd9 of
the bam hell of f/40-malemodelAkron. Plfch angle e.200

Figure 6 for six stations snd for foqr mgles of pitch
against the angular displaument u of the orifices
from the bottom center line of the hull. The longi-
tudinal distribution of preswne along the hull at
u = 0°, 90°, and 180°, for an angle of pitch of 20°, is
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hoff, d.orifirm 1“ from adge of Sat sfdm of hrdl

given in Figure i’. The values were taken from curves
such as those given in Figure 6.

The effect of the polygonal form of the hull upon
the prmsure distribution around the hull is shown in
Figure 8. Figure 8 (a) shows a typical layout of the
orifrces located near the corners of the polygonal hull.
Figure 8 (b) shows the pressuresmeasured at station 5

plotted r+gainstthe angle w C!ontiuous CWWMhave
been drawn through the pressures measured at the
centers of the flats and broken lines through the
preaaures measured near the edges of the flats. k
genemd, the pressureaat the corners are slightly lower

Distonce from rase, feet
~G17RE9.—Avaiwa ~ en tmrahtdl of l/4KM.mlemodel A&en for fonxangles

of pitch

than those at the center. The difference is greatest on
the lower side of the hull in the range of the valuea of u
between 20° and 40°. IrI this rsnge the difference
increases with.both the angle of pitch and the angle of
displacement from the keel. The maximum effect
shown occurs at a= 34° for the 18° angle of pitch.

-. II
(a)

‘“2012345678 910111213
Cross -secticwrl Oreo of hd~ sq ft.

FmuEE lo.-(a) Avam.gepmssmwplottedageinstamsactfolml arm.
(b) I_mngbihm.1forceonherehuflof l/40.smfemodelAkren. PIteh
angle 0.0’

where the preaaure near the corner is about 30 per
cent lws than that at the center. The trend of the
reauhk indicates that the maximum effect occum at a
still higher value of w, probably around 46°, where
there were no orifices at the corners. The resulti for
the stations numbered 8, 12, and 17 were similar to
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those shown for station 5, except that the magnitude
of the effect was somewhat smaller.

The average pressure at any station, conside@ the
hull as a body of revolution, is given by the equation
(referemm 3)

(1)

or, for the present case, if it be assumed that the pres-
sure diagrams are symmetrictd on the two sides of the
hull, the average pressure is given by

The average pressures, obtained by integrating graph:
ically curves such as those given in Figure 6, are

, Distance frcm nose, feet

presented in Table HI md are plotted for four anglea

of pitch in Figure 9.
The pressure at station 7, which is approximately

1.5 feet from the bow, appe- to be high in relation
to those of the neighboring stations and causes an
irregularity in the curves of average pressures. This
characteristic, which appears in all the tests, could not
be satisfactorily explained. It was thought perhaps to
be due to an irregularity in the model. A careful check
of the form of the hull in this region, however, showed
the actual ordinates to be in close agreement with those
specified and the form to be fair. Another possible
explanation of the distortion of the curves in this region
was the fact that many of the orifices at this station
were not exactly flush with the surface, but had pulled
into the surface slightly. An inspection of the pres-
sures measured at station 7 at orificw that were flush
with the surface showed that these presmres were
slightly lower than the mean curve, but only by an
average amount of plq = 0.015, a value too smfdl to
remove the hump in the curve.

CObfMZITEE FOR mRONA~cS

The longitudinal force or, for 0° angle of pitch, the
pressural drag is given by the equation

Jp,, = ~p/&4
01

(2)

where A is the area of cross section of the hull. This
integral. was evaluated by integrating graphically the
area under the curve of the average pressure plottod
against the cross-sectional area of the hull. (Fig.
10 (a).) The pressnral drag for ten observations made
at five air speeds is plotted in Figure 10 (b) against the
dynamic pressure of the air stream. The scattering
of the valuw is probably due to errorain the mmsuro-
ments and in the graphical computation, which in-
volves the subtraction of two approximately equal
areas, very small errors iu the pressures causing
relatively large errors in the integrated results. The
plotted values fall about a mean line which is coincident
with the axis of the absciesa, indicating that within

Dishoce from rwse, feet

Rams lZ_mpntwl andexE&IMutaltmnwo=a forcwon the two hall of
the IJ41* modefAkrmI. 0-lIY

the accuracy of thwe twts the preasural drag is so
small it may be considered zero. However, this
result is also dependent upon the accuracy of the
correction for the variation in static pressure along the
hull. Without this correction the pressural drag
amounts to about 21 per cent of the measured drag of
the hull.

The longitudinal forces for the various anglea of,
pitch are given in Table ~ and compnred to the
longitudinal forces obtained from the force measure-
ments. Here, as in the case for 0° angle of attack,
the values of the integrated forces are small and quite
erratic.

The transveme force, in a vertical plane through the
longitudinal axis of the hull, for any station is given by
the eauation

f= g- JO% cod” (3)
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where F is the total tmmaveraeforce, z is the distance
from the nose of the hull measured along the longi-
tudinal axis, and r is the radius of the hull. The values
of j detmnined graphically are given in Table V, and
are plotted for four angles of pitch in Figure 11. The
existence of the small transverse force9 at the 0° angle
of pitch indicates either that the air flow was not
strictly axial or that the model was not exactly sym-
metrical. The curve for the 15° angle of pitch is re-

t Angle of @ctI &grees

~OUBE 13.-Compad6on of tohl tmnmema formsobtafned tim PI%SSWW
trtbntlonandfmmformtestsonthebarehnlfofl/40-malemodelAlmn

plotted in Figure 12 and compared to the transverse
forces computed from Munk’s equation (reference 4)

j=g=gdk,-k,) sin 2e

where A is the cross-sectional area of the hull
o is the angle of pitch
k, and k, are the coeilicients of additional mass

of air transversely and longitudinally,
respectively,

.

Angle of pi@ dqrees

FmuEE 14.-Com@mn of pitchfngmomantaobtafnwlfrompmsmmdhtrfbntfon
andfmmforcetestson WI-CC&moddA

and also horn the alternative form of this equation
due to Upson and Klikoff (reference 5)

f=g=gq Cos’clsin 20

where a is the inclination of the surface of the hull to
the longitudinal axis. The lattm equation, as has been
found in previous experinmnts, gives somewhat better
ngreement over the fore part of the hull than the
former.

4076S-3&6

The total transverse forces on the hulI, which were
obtained by integrating the areas under curves such as
those in Figure 11, are plotted against angle of pitch in
Figure 13 and compared to the values computed from
the lift and drag taken from the force tests. &tefer-
ence 1.) The integrated values are in fairly good
agreement with the measured forces at the low angles
of pitch but are somewhat lower than the measured
forces at the high angles. These rwults me what
would be expected as the integrated values do not take
into account the frictional forces, which at the high
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angles of pitch have appreciable components normal to
tie hull axis.

The moment about the center of buoyancy was com-
puted in two parts-(1) the moment due to the tmms-
verse force, and (2) the moment due to the longitudinal
force. The tit part (34,) was obtained by taking the
moment of the area of the transverse force curves
(fig. 11) about the center of buoyancy by means of a

mechanical integrator. The second part is given by

(4)

where A is the cross-sectional area of the hull. This
equation was solved graphically by plotting j deter-
mined horn equation (3) for the different stations
against the corresponding crow-sectional area and
integrating the area under the resulting curve. The
moments due to the longitudinal forces amount to
about 4 per cent of the total and are m the opposite
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direction to those due to the transverse forces. The
totfd moment is then

M“ilf,+il!f,
Figure 14 (upper curve) shows the integrated moments
for the various angles of pitch compared to the mo-

0 2 4 6 8 10 12 14 16 18 20
Distance frcm nose. feet

Fmtmx 16.—Tmnmerm CXC@E unit Ia#h on the hull OflJ4Chtdemmld Akron
with themntml carendtaS smfacmfnplmx. E1eva@rangle&c-@

menta determined by the force tests. In general, the
two sets of results are in very close agreement.

The influence of the fins and control car upon the
pressure distribution over the hull is shown in Figures
16 to 17, inclusive. The point presaureaobseryed at
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Room 17.+m@n of tmnmetmfom on the hull of the l/@s@e mmld
AkronwithandwithoutmntrolcarandtallsmfaoM

four stations in the vicini~ of the fins are shown in
Figure 16 for the 20° pitch angle and compared to the
presmrea on the bare hull. The greatest chsnge in the
point pressures due to the presence of the h occurs,
as was to be expected, in the vicinity of the leading
edges of the fins which are just forward of station 19.

The trsmsverse forces on the hull with the fins in
place are presented in Tables VI, WI, and VIII, and
are shown for several angles of pitch in Figure 16 for
an elevator angle 6, of OO. Figure 17 shows the trans-
verse forces when the elevatora were down 20°. For
comparison, the curves for the bare hull are replotted
on the same diagram. The influence of the tail sur-
faces on these forces on the after portion of the hull is
very marked, the forces being of equal or grmter
magnitude than those on the bare hull but acting in the
opposite direction. The iniluence of the control caI

i+esswes:
- &ew; su-face

“

FmuBE ls.—~ dktrlbution on horizontalh mrfaceof the l/41Mde
modelAbon. Pltuhmgle O-W. Ehvaturongle d..2@

on the transverse forces over the fore part of the hull
is also quite pronounced, cspecirdly at the low angleaof
pitch.

The integrated pitching moments on the hull, with
the fins and control car in place, are compared in
Figure 14 with the moments on the bare hull and with
the total pitching moments of the hull with the fins
and control car obtained from the force teste. The
difference between the upper curve and the lower one,
for any particular rmgle of pitch, represents the total
moment due to the fins. The Merence between the
upper curve and the intermediate one represents the
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portion of the moment due to the influence of the fins
and control car on the pressural forces on the hull.
The latter forces are seen to contibute more than 40
per cent of the total fin moment. The huge magnitude
of the fin action of the hull suggests the possibility of
augmenting this effect and thereby increasing the
effectiveness of the fin surfaces, and also of distributing
the forces more widely over the after portion of the bull.
In this connection, it would be of interwt to test the
airship model with eight tail surfaces instead of four,
the four additional fins to be placed on the 45° diame-
ters of the hull and the total fin area to be the same as

-6

P/q=-7

-f

G’(I7
I-Ml line

-a5

‘wElevotcr hi~ mis ,

FIaUBE 19.-Prmm mntonrs on nwntfve Presaue @deof horfwntalfh mrfam
of the l/4CI-sc91emodel AhwL Pitch @ 8-W. Elevatoranti J.-zW’

before. With this b arrangement and with the model
at an angle of pitch, the pressure decrease over the top
of the hull and the pressure increase over the bottom
of the hull due to the influence of the tail surfaces
should produce much larger components in the vertical
plane than the present fins. The fin action of the hull
should be increased, whereas the forces on the b
should be decreased, thus shifting the greater part of
the fin. forces directly onto the hull. The Zikfi!%$’
metal-clad airship actually has a system of eight tail
surfaces similar to that described above, except that
the fins are all shifted around the hull by 22fi0.

The results of the measurements of the h pressures
are presented in Figures 18, 19, and 20. The iso-
metric chart in Figure 18 shows the pressures over the
fin for the 20° angle of pitch and 20° down elevator.

The maximum negative pressure recorded was on the -
leading edge and amounted to seven times the dynamic
pressure of the undisturbed air stieam. Figure 19
showa the pressure contours on the suction side of the
fin for the same pitch and elevator angles. The
integrated normal-force coefficients

c.=
normal force on fin

qs

where 8 is the area of the fin, are plotted in Figure 20
against the elevator angle for the various pitch angles
tested. The variation of the normal-force” codicient
with the elgvatm angle is approximately linear over
the range of angles from elevatora down 20° tmeleva-
tom up 15°. The elevatcm apparently lose much of

.’,

w l?lcwtix qle, 6. Down

FmuEE2J—Norm&form omfiManti for hmizontallln .smfaomon the
l/4S+de modalAkron

their effectiveness when defleoted upward 20~, h
normal-fome coefficient for this elevator angle being
about the same as with the elevatom up 10°.

CONCLUSIONS

1. The integrated transverse forces and the moments
about the centar of buoyancy were found to be in good
agreement with the forces and moments determ.ine~
in the force teats.

2. The prcwmal drag of the hull at 0° pitch was
found to be practically zero, within the accuracy of the
tests.

3. The fln action of the after portion of the hull in
the presence of the tail surfaces was found to contribute
more than 40 per cmt of the total h moment measured
on the balames.

4. Negative pressures as great as seven times the
dynamic pressure of the undisturbed air stream were
measured on the leading edge of the horizontal fh
at the 20° pitch angle with 20° down elevator.

LANGLEY MEMOW AERONAUTICAL LADORATORY,

NATIONAL ADvrsoEY Co~ E FOR &RONAUTICS,

tiGL~Y fiELD, VA., Juw 38, 193?.
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1. Freeman,Hugh B.: Force Measurements on a l/40-Sa
Model of the U. S. Airship“Akron.” T. R. No. 4
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2. Freeman,HughB.: Measurementsof Flowin the Bounds
Layerof a l/40-ScaleModelof theU.S. Airship“AkroD
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OBSERVED PRESSURES P/q
BARE HULL

[1~ III.P. h. tlPPIWblletdY]—

1%
T(

/

6

7

8

9

.0

Anglo of P4tdl,o

1P

.477

.4M

.440

.3M

.242

.!2?s

. Zfo

.L35

.M-s

.016
–. 040
–. Im
-.148
-.176
-.199
-. !223
-.244
–. ma
-.276

.333

:2
-.077
-. m
-. !237
-. m

.Zzl

.252

.2M

.155

.124

:%’
-. w
-. Oal
-.113
-.184
-.217
~.

-. !M9
-. 26s
-. 2D0
-.239
-.2$3

. 06s

.054

.M2

XJ

-.014
-.017
-. m
-. m
-. I@
-.234
-.257
-.240
-.294
-. m
-. ma
-. m
–. 361
-.361
-.226
-.230
-.321
-.321
-.322
-.321,
-.314
-. ma
-. MJ
-. U32
-.044
-. ma
-.114
-.147
-.176
-.225
-.260
-.274
-.292
-. MO
-.295
-. m
-.287
-.265
-.259
-.252
-.023
-.045
-.148
–. 228
-.259
-. !225

16”

:%
.662
.465
. 3a9
. ma
.216
.116

-: E
-.117
–. 195
–. 242
-. MO
–. m
-. m
-. w
-.280
-.372

.4?3

:%

-.316
–. We!
-.272

.305

.m

.no

.211

.169

:E
-.053
-. M
-. lm
-. m
-.233
-.325
-. ma
-.330
-.323
-.346
-.317
-.331

:%
.Im
.104
. lm

:$#
.010

-.047
-.074
-.113
-. m
-.314
-. m
-.243
-. 3m
-.2-$3
-.339
-.404
-.395
-.380
-. 3m
-.362
-.242
-.362
-. am
-.346

.M2

.040

-: %!
-. w
-.114
-.102
-.201
-. WI
-.305 !
-. 32J
-,247
-.m I
-.335
-.313
-. m
-.270
-.270
-. !231I
.017

-.030
-.106
-. 2s3
-.310
-. ml I

1P

.O&

.Lw

.591

:%
.341
.!M
.M7

-, ax
-.111
-. m
–. 201
-. w
-. m
-. 4N
-. M
-. 4f4
-.471
-. 47f

.m

%%
-.210
-.417
-.482
-.452

.372

.307

. ml

.251

.170

-: %
-. m9
-.194
-.241
-.314
-.377
-.410
-.394
-.410
-,2$8
-.404
-. am
-,377

.109
,lm
.130
.102
. lb9
,au
,foo

-: 1%
-,091
-.147
-.374
-.402
-. 37s
-.401
-.402
-.447
-.487
-. ml
-.459
-.434
-,417
-. w
-. -ml
-.376
-.259
-.254

.102

.C&3

.040

-: E
-.134
-. m
-. ml
-. Ki7
-. am
-. ma
-. 42a
-.412
-. m
-. 20J
-,324
-, ‘xl
-.277
-.204

.076
-.010
-.206
-.257
-.373
-. !237

20”

:!4!
.034
.541
.451
,WI

:%
-. ma
-, IW
-.285
-.370
-. 42U
-.470
-. 4m
-, m
-.623
-.540
-. MO

. boo
,413

-: %
-. 4fa
-. ma
-. M4

.4oa

.394

.352

.273

. K@
,101

-.029
-. ml
-. !MO
-, no
-. 37s
-,441
-.484
-.449
-. m
-.434
-.437
-.408
-. 4f0

.ZO

.21J5
,210
.187
. 17U
. la!
.060
.046

-. Ma
-, a31
-.101
-,420
-.400
-.435
-.526
-. ma
-. Em
-.611
-,620
-.402
-.402
-.446
-.402
-.402
-.395
-. 3W
-, m

.125

.110

:%
-,040
-.132
-, !419
-.291
-. m
-.443
-.406
-, 4s0
-. 4C!41
-.431
-. am
-. .%0
-. Zm
-.286
-.271

-: %!
-.227
-.42,0
-,414
-. m

.17

. 18!

.177

. 15!

. la

. I&

. 16!

.1%

. 14!

. 14!

:8
.124
.131
.lx
.rz
.121
. u]
.lx

.M

i%
.f!w
.m

-: z

-. OX
-. m
-.015
-. m
-.017
-.010
-.018
-.027
-. m
-. Ou
-.018
-.044
-. ml
-. m
-.047
-. 04a
-.0$9
-.044
-.049

-.13$
-.14
-.144
-.142
-.137
-.139
-.134
-.132
-.149
-.149
-. m
-.132
-.148
-.137
-.151
-.154
-.120
-.149
-.102
-.171
-.144
-. 15s
-.158
-. 15s
-.184
-. II?3
-.153
-.147
-.144
-.149
-. lLW
-.137
-.137
-.134
-. L%
-.144
-.140
-.140
-.140
-.137
-.147
-.144
-.140
-. lW
-.149
-.145
-. lza
-. Iw
-.ml
-.120
-. lzo
-. lm

:fl
.24
. ‘a!
.X
.21
. 1s
. MI
. lx

:%
.Oz

:&!
.Of

:%/
.IM

-. Oa

.m

. Hi

.074

-: H
-. 07f
-. 07i

.042

.@

:%
.m4
.M4
.016

-. WI
-. @l
-.019
-. Oil
-. on
-. m
-. Ml
-. la
-. loa
-.134
-. lIX
-.119

-.061
-. M7
-. m7
-. w
-. ma
-. Ow
-. m7
-. m7
-. lla
-.113
-. K@
-. M
-.155
-.147
-.187
-.176
-.175
-. 1Q3
-.212
-. m
-.197
-. no
-.210
-.210
-.246
-.213
-. Za5
-.117
-.116
-. Es
-. m
-.119
-. m
-.127
-. la
-.148
-.100
-.166
-.176
-.175
-. I’m
-.125
-. lSU
-.178
-. m
-.181

-.107
-. m
-.111
-.140
-. IE8
-. w

:R
.33

:E.%
.21
.16
.1%
. la
.071
.02

:8!
-. 03

::%
-. W
-. w

.m

.1=

.101

.MJ
-. m!
-.14
-. lit

. NJ

. m

.104

:%
.0%
.m4

-: %
-.031
-. cm
-. Ux
-.132
-. 11s
-. 14f
-. la
-. 1=
-. laf
-. M

-. Ml
-.044
-.044
–. 044
–. w
–. 051
-. an
–. ml
-. 0?2
–. 657
–. Ow
–. 161
–. 172
–. lM
–. 194
–. 2CU
–. 207
–. 264
-.261
–. 281
-.232
-.240
–. 240
-.247
–. 252
–. 261
-.244
-. MO
-.079
-. W3
-. m
-. m4
-. loa
-.119
-. 1s
-.164
-.179
-.185
-. m
-. m
-.215
-.212
-.204
-. lea
-.210
-. m
-.075
-.072
-.110
-.187
-.177
-.175

:3
.41’
.37
.34
.al
.24
.18
.lz

:E
—.
-. %
–. m
-. la
–. 1!3
-.171
-. la
-. m

.2U!

:%
-. OK
-. 17A
-. m
-. 24!

. In

. 18!

.101

.131

. IN

.m

.04:

-: %
-. m
-. lH
-.111
-. m
-. K@
-. m
-. m
-. %4
-. m
-. 23(

.014

.fm

:2

-: E
-. m
-.031
-.024
-. on
-. w
-. m-.m
-. m
-.244-. Z61
-.204
-.m
-.3.17
-.819
-. ma
-. w
-.294
-.209
-. m
-. m
-. ME
-. 0!2
-.040
-.067
-. m2
-.077
-. lm
-. ID
-.137
-.179
-.210
-. m
-.253
-.262
-. m
-. m
-. m
-.230
-. !234
-. m
-. 04s
-.06’5
-.113
-. lfm
-.225
-. m

(li27j. p. 95. - -

TABLE I

DIMENSIONS OF MODEL U. S. S. “AKRON”

[&ale-1/40]

TRadius
[=

dde)

Xsmncf
muncm

10r@h

v
am

%
.15
.20
..25
.W

%
.45
.03
.66
.00

:%
.76
.W
.W
.m

i%

*

o
48a
9.m

14m

w
IQ12
lam
19.S.5
19.w
m m
19.m
19.’59
IQ lz

Hi!
le. la
14.44
Mm
Qol

IAwth. 19.02feat
Volum% 115.Ocnbio fek

‘oM&w” ‘~- -f”lfal.w
6074 4.6m

13f0vaa (fndUding fmfanm Vanea) SquareW

Efwaababncev ane$swerefmk
azm— .

Imymcord Iength (fed):
c-am

Lxatit:amtor fuk
UIL-O.’WQ

IL=@ofmtrOIcar-1-233,fcat,.

TABLEII. l/40-SCALE MODEL U. S. S. “AKRON”

0B8E14~D PRESSURES P/g

BARE HULL

[lfnlm. p. h. apPTusIM8tdy]

lte

Ifon w
Ne.

.—

1 Ncue.

Angle of pfti, 0

1
U’lfr

assz a434

LM3 1.830
.%3.5 .Em

.676
;:

:%
.619 .393
.ml .413

1.920 LM4
.822 .S3-9

. 01’a
:% .3M
.309 .275
.329 .!am
.312 .m

w6“ wr’

[am

L $34
Lam
.853
.825
.729
.im
.770

.779

.740

.Ma

.m9

.033

.ma

.6M

.mi

.491

.433

.m

.312

.!279

.X4

arm

L S68
L ml
.8M
.763

:%!
.7m

.834
all
.712
.a25
.583
.S13
.Eoa

.m

.693

.485

.348

:%

a7m

L 076
(m
.m
.874

%’!
.m

.Sm

.E3a

.712

.676

.474

.404

.3S%

.874

.637

.4&a

.s26

.182

.077

.M2

am

Lm.a

:%
.252
.104
.244
.2M

L!M2
.W4

:%
.144
.m7
.079

%J

. 1Q3
-.160
-. m
-. m

-a m

L ml
.72
.23(
.lz
.04
. lx
.221

am
.83
.511
.M
.0S

–. 014
.W

L an
.i%
.mi
,02

–. !24
–. B!
–. m

.-.—

2

3

4

aw
.W3
.849
.348
.844
.s40
.S4

4
‘%

la
Mu
1s0

.7M

.M3

. ml

.ml

. ml

.0i8

.531

. U4

.417

.4a3

.2%3

:%
.376

.m4 .774

.M5 .878

.448 .433

.419 . In

.aw –. 032
–. m –. 116
–. 062 –. m)

:Valuetekmf remfafmimrm
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TABLE II. l/40-SCAI.iE MODEL U. S. S. “AIU?ON’’-Con.TABLE II. l/4 f)-SCAIIE MODEL U. S. S. “AKliON’’-Cor

OBSERVED PRESSURES Z/g

BARE HULL

[K@m. p. b. Spprodlnatdq

OBSERVED PRESSURES IIlf

BARE HUIJL

[Iw m. p h. appmxhnwfy]

—

k
01
‘o.

11

1’I

1:

1,

II

11

An3fe of pltcb, eAngle of pitch, L4 ta.

T%
W —.

Wi
w

o
#
30
40
al
80
70

1%
110
m
130
140
160
MI
170

0
4

1!

z

:
34
36
80
84
86
‘m

%
Uo
14
140
Ma

K!

w!
174
176

0

M

%

%

‘#l

18
110

%
140
Ka
102
176
la

30
@l

1%
Ml
186

1!

E
4
ml
c1
76
IM

1%
110
lm

M
la

%
Ml

24
a

2

w

L-P ZP

~

@

-.143
-.107
-.111
-.124
-.124
-.122
-. Ha
-.121
-.111
-.111
-.116
-. m
-. Ha
-. l?)l
–. 14s
-. lzl
–. lz$

-. KO
-.091
–. 0a3
-. Oal
-. lm
-.103
–. lCO
-.191
-. lls
-.166
-. m
-.105
-.105
-. U%J
–. ml
–. Iaf
–. MM
–. 106
-. Im
–. 101
-. MJ2
-. la3
-.106
-.103
-. lfo
–. 101

–. 070
-. w
-.041
–. 077
-. om
-.072
–. M7
-. M7
-. 07J
-.072
–. 029
–. m
-.072
-.074
-.070
-. 0b6
-. W
-.074
-. M6

-. &57
-.0J6
-.060
-.066
-. m
-.654

–. Om
–. ml
–. OTJ
–. m
-.696
–.091
–.0s1
–. 0S9
-.685
-.074
-.6$9
-. 4b22
-. m
-.073
-. a57
-. CU17
-. (M6
-.073
-.049

-.077
-. m
–. fc34
–. m
–. m
–. 070
–. &!u

3“ G“ w w

-.075
-.040
-.059
-.110
-. M
-.139
-. w
-. fm
-.193
-.243
-. m
-.239
-.236
-. m
–. m
–. 173
–. lM

-.057
–. M2
–. C@2
–. 057
–. 670
-. Oxl
–. 104
–. 0a2
–. 156
–. m
–. 152
–. m
-.224
~.

–. 237
–. 206
–. 176
–. 176
–. 162
–. 160
-. lw
–. 124
–. 119
–. 110
–. lfxl

–. 640
–. 037
–. m
–. w
-. m
-. 12+1
–. 135
–. 162
–. lsz
–. 185
–. 178
–. 172
–. WI
–. 138
–. 122
–. 693
–. W-7
–. 072
–. W2

–. 072
–. 134
–. 176
–. 1s9
–. ftu
–. 042

–. w
–. m
–. m
–. EM
-.134
–. 140
–. led
–. 159
–. 194
-.185
-.172
–. 149
–. 134
–. 110
–. UM
–. m
–. w
–. OM
–. m

–. 164
-.134
-.170
-. lsl
-. lx
-.074
-. ml

j

16”

-.645
–. m
–. 038
-.115
–. 076
–. I&o
-. m
–. 222
–. 224
–. 292
–. m
–. 236
–.%
–. m
–. 210
–. 173
–. 173

–. CM
-.024
–. 026
–. 037
–. w
–. w
–. 101
-.102
-.172
–. 164
-.179
–. %5
–. 267
–. 2.$5
–. 2%
-.295
–. 241
–. m
-. ml
–. 161
-.157
–. 142
–. llz
–. lm
–. OM
–. m

–. 016
–. 015
–. Oti
–. m
–. 102
–. 139
–. 1!$5
–. I’m
–. 227
-. 2s1
–. 232
–. 217
–. m
–. 165
–. 135
–. lal
–. fts
–. WI
–. 043

–. 071
-.161
-.225
–. 174
-. ml
–. 024

–. W9
–. 677
–. b2
–. E@
–. 147
–. 169
–. Iw
–. 1s9
–. 237
–. 233
–. 218
–. Eui
-, la
–. 131
–. m
–. m
–. w
–. 055
-.010

-. 6%
–. 139
-.210
–. !223
–. 146
–. m
–. 016

w 15° 16-

-. m
-. fm
-. w
-.116
-.114
-.114
-.131
-.121
-.111
-. Bl
-. m
-.144
-.166
-.149
-. MY
-.139
-. 16s

-. Ua4
-. M
-.0-97
-. (B7
-. @4
-. CM
-. w
-. m
-.117
-. m
-. W&
-. U2
-.110
-.107
-.107
-. US
-. lfn
-.118
-. m
-.142
-. lrl
–. Iw
–. I@
–. Ior
–. 10.5
-. Im

–. m
-.055
-. W
-.073
–. 070
–. 071
–. w
-. 07f
-. w
-. m
–. am
. . . . . .
–. 09f
–. out
–. 10$
–. CM
–. m
–. m;
–. m

–. w
–. on
–. w
–. CM
–. 074
–. w

–. 092
–. m
–. W
–. UX
-. la
-. w
-. IN
–. w
-. 10’!
-. la
-. W
-. w
-. w
-. w
-. w
-. 07’(
-. 0%
-. Oz
-. w

–. w
–. 101
–. 101
–. 66!
–. W4
–. w
–. 6.s

-.111
-.076
-. WI
-. lm
-. m
-.111
-.138
-, ES
-.126
-.166
-.166
-.183
-,173
-.161
-, W3
-.143
-.171

-,079
-.072
-,072
-.072
-. M
-. &.Y
-. WI
-.077
-.122
-. m
-, lW
-.134
-.134
-.124
-. Em
–. 132
-.132
-.124
–. m
-.116
–. 117
–. 110
–. 107
–. 104
–. lvl
–. la

-. w
–. 64$
–. Ow
–. m
–. m
–. m
–. 072
-. on
-. la
-. w?
-. loi
-. la
-. Ku
–. w
–.w
–.m
–.Oz
-.071
–.w

–.Ml
-.074
-.101
–. Ow
-.0$4
–. 04(

–. Cm
-. 6%+
-. w
-. u]
-. la
-. la
–. lW
–. Cw
-. M
–. Ilx
–. 101
–. m
–. m
–. fw
–. M
–. M!
–. w
–. m
–. al

–. Lrx
–. Ku
–. U
–. 11(
—.
–.%
–. au

-.091
-.046
-. w
-.105
-. ftm
-.118
-.148
-.146
-.143
-. m
-. all
-. m
-. m
-. lFO
-. ls4
-. lIM
-.178

-.065
-.657
-.057
-. w
-.072
-.6$7
-. UJ4
-. M
-.132
-.110
-.119
-.172
-.174
-.162
-.175
-.184
-.174
-. MC
-.162
-. 14f
-. lW
-.124
-. lU
-.107
-. mi
-. la

-. OK
-. 04f
-. 05f
-. on
-. 07f
-. 09(
-. la
-.111
-. lx
-. lx
-.13
-. M
-.13:
-. m
-. la
-.
-. %
-.
-. %

-. m
-. WI

z%
-.071
-. m

-.02
-. m
-. w
-. 11{
–. 11(
-. 11{

Zti
-.14
-. M
-. lx
-. lU
-. 11(

%!

%
-. m
-. 02

–. 10
–. 111
-.14

ZHl
—. ‘
–. 2

:%
–. au
–. lzl
–. w
–. 176
–. ‘2w
–. !m5
–. 291
–. 2s1
–. WI
–. 346
–. 320
–. 271
–. 235
–. 191
–. 176

. ail

.010

.ao

–: E
–. w
–. m
–. 120
–. 2=?6
–. lW
–. m
–. w
–. w)
–. 343
–. 397
–. m
–. 305
–. m
–. 240
–. I’m
–. U%
–. 172
–. 140
–. 132
–. 107
–. 0Q5

.fw

–:%!
–. m
–. Iz3
–. 187
–. 227
-. !2&9
–. 818
–. 321
-.310
-. m
-. Z&
-. m
–. led
–. 184
–. lzf
-. oil
-. ax

–. w
-. m
-. $x
–. 216
–. 13f
–. 014

–. C-44
–. w
–. 076
–. IE3
–. 177
–. 216
–. 254
–. !2w
–. 318
–. 30S
-. xl
–. 2X
–. 18%
–. 144
–. lm
–. lm
–. lsi
–. CM
–. OE

–. m
-. 16i
–. m
–. 2%
-.14
–. 16t
–. (H

.011

-: %%
-. la
-. w
-. W
-. X4
-.319
-.234
-. Ml
-.411
-. w
-.242
-. !2s2
-.242
-. .2!23
-.173

:%!I
.010

-.010
-.032
-.0$5
-.124
-. lx
-. 2S
-. m
-. m
-.445
-.452
-.393
-. 4a2
-.484
-.$37
-. 26s
-.246
-.169
-. 1s4
-.179
-. Ml
-. m
-. 0J5
-. m

.010

-: E
-.033
-.132
-. l’a7
-.247
-.296
-.2$8
-.366
-. m
-. 3%7
-.287
-.221
-.179
–. 169
-.164
-. W3
–. m

–. m
–. 251
–. 367
–. 237
–. 16s
–. an

–. fmz
–. 0!.5
–. m
–. 16(I
-.135
–. 232
-. m
–. 2M
-.365
–. 349
-.319
–. ‘2M
–. m
–. ml
–. 143
–, m
–, 113J
–, CM
–. 018

–. EM
–. 158
–. 2Q3
–. 323
–. 165
–. ml
–. 046

-.079
-. on
-. C04
-. CM
-. 0%
–. m
-. m
-. ml
-.091
-. as
-. w
-.534
-. w
-. W
-.074
-.067
-. m
-. (s
-. C91
-. fM
-.077
-.077
-.079
-.067
-.072
-.074
-.079
-.681
-. on
-.074
-.071
–. 065
-. m
-.071
-. W3
-. w
-.037
–. 0’32
–. m

–. W4
-.053
-. m
-. W@
-. Wo
-. Cm
-. am
-.055
-. am
-. m
-. w
-. WI
-. W9
-.647
-.643

-.045
-.6$3
–. 645
-.643
-.643
-.046
-. m
–. m
–. m
-. m

–. Olz
-.016
-. U6
-.016
-.014
–. 01.4
-. Cw
–. 011
-. Ou
-. am
-. m
-. fN2

.m

.012

.WJ5

.017

.022

.025

. a24

:%
.027

:E
.fw

.0s?

.W

. fo7

.061

.6s

–. m
–. Ku
–. 112
–. llo
–. m
–. 107
–. lls
–. 116
–. 117
–. lcra
–. 103
–. 10S
–. 105
-.107
–. M@
–. w
–. lm
–. lm
–. 117
–. 101
–. m
–. w’
–. WI
–.077
—.cm
–. 070
–. 070
–. 073
–.W
–. w
-. m
–. OEa
–. m
–. CG8
–. 040
–. 647
–. C47
–. 048
–. m

–. 093
–. CM
–. 07%
–. w
–. w
–. m
–. 07c
–. M7
–. 034
–. Qsf
–. 042
–. 037
–. Ow
-. m
–. 02f

–W7
–. cm
–. Ce7
–. ox
–. cm
–. Cm
–. 62%
–. 018
–. 017
–. 010

–. m
–. cm
–. fm
–. C07
-. m
–. 027
–. ab5

:%!
.010
.043
.017

–. fcd
-.013

-: E
.W3
.013
.030
.m

:E
.Wf
.647
.64t

.O.u

.Crz

.Ox

.0s

.IH

–. 114
–. llo
–. 117
–. 119
–. 134
–. 117
–. 124
–. M
–. 122
-.117
–. Lw
–. m
–. lle
–. 122
–. n7
–. 164
–. 110
–. llU
–. 134
–. 118
–. 109
–. 104
–. 103
–. fw)
–. 076
–. 0!77
~.

–. m
–. 056
–. 0s
–. 060
–. an
–. 649
–. 047
–. a38
–. 040
–. CM
–, 023

–. 107
–. W7
-.097
-.102
-.104
–. 1C5
–. Ow
–. ftso
–. 070
–. MO
–. w
–. 030
–. 025
–. 017
–. 011

–. (E.6
–. a37
–. fc37
–. m
–. m
–. 642
–. am
–. 01s
–. as

.Cw

–. W
-. m
–. m
–. 032
–. 0S5
–. 640
-. m

:%
.017
.Om
.W7

–. 03a
–. 046
–. m
–. m
–. 017

.m

. a34

.aH

.616

.046

.649

.an

.fw

–: E
–. m

. a51

.631

–. If&5
–. la
–. 134
–. 135
–. 167
–. 134
-.146
-.157
–. 167
-.147
-.151
–. IM
-. lM
–. lM
-.149
-.136
-.151
-.154
-.107
–. 147
–. 139
–. 137
–. m
–. 102
–. fw
–.om
–.070
–. 070I
–. Il?.5
-. m
<C&

-.048
–. Om
–. am
–. 042
–. m
-. m
-.027

-.134
–. 122
-. fm
–. Y&
–. 137
–. 140
–. 124
–. laa
–. 694
–. 023
–. CM
–. C37
–. 035
-. m
–. m

-.130
–. m
–. 125
–. lx
–. 110
–. mu
–. m
–. m
–. 017
–. 017

–. 6Q7
–. 104
–. m
–. Km
–. u%
–. 076
–. Ofs
–. all

. ml

. ml

.ml

.@

–. 037
–. @a
–-w
-. 0S7
–. 033
–: O&.

.W5

.fso

.mo

.022

.f@l

.@*

–. m
–. a35
–. m

.CGo

.644

-. 13s
–. la
–. 143
-.147
–. 173
–. lM
-. la
-. m
-.199
–. 17a
-.177
-.187
-. 1s7
-.1s
-.182
-.170
--186
-. lW
-.m
-. lL!JI
-.173
-.172
-.163
-. U7
-. 0S2
–. on
-. Ed
-. CM
-.077
-. CM)
-. CM
-.675
-. @57
-. w
-.055
-.635
-.638
-. Cm
-. m

-.147
-.137
–. lea
–. lb7
–. 172
-.177
-. m
–. 137
-. m
–. 0S6
–. m
–. WI
–. m
–. Cm
–. 017

–. M
-. lb5
–. 167
–. lm
–. 140
–. 067
–, ma
–. m
-. m
-.047

-,117
–. 135
–. 135
–. la
–. lill
–. ml
-.613
–. 010
–. 013
–. o16
–. am
–. m

–. 0E3
–. ml
–. &o
–. 105
–. C@
–. 017

.013

.016

.015

–: F5
.m
.m7

–. am
–. 077
–. Osl

.017

.m5

–. 134
-. M
–. 140
-.147
--181
-. Im
–. 167
-.167
–. 214
-.167
–. 194
–. 214
–. 214
–. 214
-.214
–. 214
–.231
-.24
–. 261
–. 217
–. 217
–. 217
-.144
–. 134
–. ml
-. U44
–. fe4
–. 0s7
–. Cu7
–. Om
–. O&5
–. Ku
–. 102
–. m
–.102
–. w
–. 037
–. an
–. 6X2

–. lEO
–. Iw
-. M6
-.187
-. ml
–. 214
–. 264
–. 176
–. m
–. W7
–. a%
–. W7
-. W7
-. m
-. a32

-. lsl
-.184
-. ml
–. ml
–. M2
-.057
-. owl
-. fH7
-. CkS8
-. m

-. w
–. 162
–. w
-.178
-.174
-. w
-.043
–. m
-. m5
-.042
.-—-..
-. m

-.114
-.152
-.125
-.147
–. 14s
-.094
-.010
-.013
-. m
-.017
-. m
-.047
-.027

-.692
-.114
–. lx

.@x

.014

-. m
–. M
–. In
–. 142
–. m
-.152
–. 169
–. 214
–. 251
-. Zm
–. 231
-. Z@
–. m
–. 289
-- m
-. m
-. m
-.321
–. WI
–. 266
–. m
–. 264
–. m9
–. 1s
–. Ion
–. I@
–. 10U
–. llo
–. 120
–. WI
–.U7
–. lw
–. 174
-.181
-.147
–. I@
–. m
–. 077
–. 070

–. 157
—. 147
—.U@
–. 22U
–. .ib4
–. m
–. Zn
–. Zll
–. m
–. w
–. m4
–. 062
-. m
–. 132
-. w

–. ml
–. Z21
–. 243
–. m
-.2’41
–. m
–. 070
–. 022
–. 077
–. 078

–. 145
-. M
–. lw
–. Zm
–. 227
–. 182
-.647
–. w
–. 053
–. MS
–. 0Ss
–. 097

–. 125
–. 177
-.164
–. 164
–. lm
–. m
–. m
–. CGn
–. 0L5
–. fm
–. 023
–. Cm
–. 059

–. 101
–. 134
–. lm

.ax

.&z

-.139
-.187
-.149
-.154
-. W-4
-. Im
-. IFS
-.227
-. 25s
-. m
-.248
-. Z&5
-. 2s6
-. =2s5
-. 3n2
-. m
-.327
-.251
-. m
-.252
-.30-4
-. w
-.240
-.161
-.132
-. m
-. Ha
-. M7
-.143
-.146.
-. Ml
-.161
-. m
-. m
-. in
–. 124
–. 112
-. m
–. 097

-. 1(6
-.114
–. m
–. 246
—..
–. z
–. 307
–. X5
–. 157
–. K@
–. lf19
–. 117
–. 117
–. 154
–. 103

–. 226
-.242
–. 274
–. m
–. m
–. 107
–. w
–. @s
–. Mm
-. m

–. 169
-.213
–. 228
-. 2b6
–. m
–. 223
–. 074
–. 074
–. a34
–. U34
–. 079
–. U4

–. 146
–. m
–. m
-.218
–. Z2
–. 14U
–. a37
–.OM
-.642
–. m
–. 645
.-:-

–. 117
–. WI
–. 1W3
–. foo
–. m

17

18

19

m

21

22 I
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TABLE HI-B

AVERAGE PRESSURES @/g

BARE HWLL

@252 lb@q. ft.]

TABLE II. l/40-SCALEMODELU. S. S. “~ON’’-CoI
OBSERVED PRESSURES P/q

BARE HULL

[10) m. p. b. approxbnately]
—

te
01
to.

Z2

2a

24

25

23

—

Amgfeof piw o sta-
tfon

INo. ~. ~.

Angle uf l)ltcb-9

m

9“

a840
. n7
.em
.337

–: E
–. w
-.178
–. 170
–. 103
–. ml
–. 12%
–. m7
-.057
-. lo)
–. Io9
-.118
-. Ow
–. 075
-.048
–:;:

.035

.asa

.163

.192

H?0’ 3“ la+

-: Po
-. am

-: g

.Oal

%!
.(MI

-: E
-.ma
-: f22

.U2-5

:%!
.029
.W3

.042

.Ua.5

.134

.140

.125

.lm

.132

.146

.lm

:%
. 1s7

:%
.233
. ml

w

+—I—
:$ am

.466
.4!Z3 .4M
.240 . 1E3

-. a24
-: %? -. lm
-. CM -.127
–. m -.261
-. m -. 2s5
-.192 -.211
-.134 -. nl
-.171 –. !217
=. g -.172

-.170
-.144 -.176
–. 149 -.185
-. lB -. lss
-.140 -.170
–. m -.147
-. m -.123
-. w -. m
–. M -.064

.034 A&

.045

.m .116

. lm .m

1 ----1 Q242
2 U?ol :g
a
4 .376 .2.N
6 .127 .111
6 ,014
7 –: !$! -.034
8 –. m -.160
9 –. m) -.167

10 -.131 -. Ha
11 ~ :j; -.133
12 -.104
la -.078 ‘ -.076
~ –. 078 -.076

-. m -. w
16 –.oao –.W2
17 –. C&’ –.m
la -. WI -. m
ls –.042 –.049
m –: g –. Ola
21 .018
2J .048 . a39
23 .6s8 .Cm

.114
2 :% .186
23 .Slo .205

-a la
.332
.340
.139

-.039
-. lm
-.167
-.230
-.264
-. m
-,229
-.223
-, 1%3
-.186
-.197
-. 1E3
-.210
-. lm
-. lso
-.149
-.114
-.075
-.026

:%
.182

.asz

.0.s2

.Cm

-CM
.fM
.0%
.m
.C4m
.Om
.M9
.fm

.U7

:Z
.M7

:s
.127
.127

. m

.172

.172

.172

.172

. ml

.172

.172

.216

. 2i5

.216

. m

.215
.2L5
.216
.216

.m

.0$3

.023

:8%
. an
.Wo

:%%

:%

.109

.114

.117

.rm

:%
.m
. lls

. la

.170

.170

. 1Z2

.172

.163

.153

.160

.216

.214

.212

.m

:E
.m
.!202

.037

:E
.aw
.m
.C66
.m
.100
. ml

:%

. ml

.101

.113

. ml

.138

.Ea

.116

. Hz

.169

. ml

. in

.177

.171

.160

.159

.148

M&l I :~ _.~
.022 .m –: 037

.aa –. Ols –. 044

.021 –. 013 -. 04s

.a36 : o& –. ma

.m .048
.Wo .aso

:% .M2 .04s

:E :%!-:E

-. Ols
-. a32
-. m

-. on
-.101
-. m

.U30

:%

-: E

-.054
-. W4
-. Ols

.075

.076

.WJ

.CM

.8E3

.CQ2

:E
.lw
. lal
.m
.m
.1$3

.174

.M7

.lel

.lm

. 1s2

. 1’M

.lwl

.197

.m3 .016 -.014
.645 –: g

%’ .072
.lla .101 .m
.116 .101
.Io3 .U34 :$%
.m .076 .070
.m .025 .029

.142 . Im
.142

:E .149
.164 .148
.132 .149
.li?z .136
.149 .123
.lla .111 TABLE IV

. ‘m

. 21a

.2M

.201

.m

. 1ss

.lw

.ml

.210

.1%

.193

.IM

.I&3

.IEa

.lso

. ml

.103

.174

.174

.109

.167

.177

.182

.2CQ

I/M-SCALE!MODEL U. S. S. “AKRON”

LONGITUDINAL FOROE-Y/q

m Force
d.wm ~on ~ - tesk

8 am7 0.469 16 a 047
.W

a 246

:
.260. . . . . . . . . .

. ml :%
12

z . . . . . . . . . . .168
.025 .W3

TABLE ~–A

l/40-SCALE MODEL U. S. S. “AKRON”

AVERAQE PBESSUREw{g 1

BARE HULL

o-v

lMmnofti0ep33dS.

TABLE V

l/40-SCALE MODEL U. S. S. “AKRON”

TRANSVERSE FOBOE PER FOOT LENGTH+

BARE H7JLL

&6.2 lbJx. It.]

,

g,Ib./sq.fL

8.0 12L7 X7

L W
.84s

:E
.Im
. ola

-.068
-. laa
-.149
-.127
-. m
-.103
-. w
-. a57
-. CM
-. 0i2
-.076
-.051
-. azl

.ao

:%
.M7

:%
.225

LOM
.m

%J

.015
–. 041
–. ml
-.142
–. m
–. X26
–. lW
–. w
–. am
-.075
-. 0i7
–. 078
–. am
-. m
–. ml

:%
.094

:E
.m

l.cg -–—.
M.&

:% dg
.134
. Ols .014

–. a36 –. a30
–. 146 —.1=
-.146 -.152
–. I&3 -. lu
–. la) –. 127
-. las -. ma
–. m –. 070
–. 681 –. m
-.075 –. 073
–. 076 –. m
–. on –. Cm
–. fm2 –. 6i9
-.033 –. m
–. mu –. m

;: %?
.097
. ml

%J .176
. 2f4

..--. —.
W&

.3s7

.127

.017
-. m
-.155
-.153
-. rm
-. w
-.104
-. 0i2
-. cm
-.076
-. 0i9
-.073
-. 0s2
-.037
-.010

:%
. Qal
.126
.164
.212

wa-
tin —
No. ~

——
I&

0

:%

i%
L2fQ
:::

.869

.694

.523

.293

. lIKI

-: L%!
-.164
-. Zm
-. X5
-.206
-.246
-. m
-.149
-.101
-. 0E3
-. ma
-. Cm

&

o

:!2.a19
.461
.499
.476
.m
.m7
.286
.189
:%

-: E
-.169
-.174
-. ml
-. ls4
-.154
-.127
-. W-7
-.046
-. 03s

.016

.m

9-

0
. 6i7
.220
.470

:%!
.ns

:%!
.WI
.2W
. m
.070

-: E
-.125
-.256
-. 26a
-.232
-. m
-.178
-.106
-.046
-.001

.Om

.W7

m

o

:%’
.918

w
I.w
\ pa

:%
.2W
.292

-: %
-. lm
-.234
-.263
-. m
-.239
-. !w
-.174
-,116
-. lW
-. a36
-. WI

+—
1’0

.014
: .078
4 .184

: :%
7 .2M
8 .239

.144
1! .182

E :E
la

-: $X
:: –. WI
16 -. WI
17 -. lm
la -. lm

-. m
2 -.101
21 -.077
m -.016

-.027
E -.014
25 . Cm
m .W3

o 0
.076

:E . w
.Lu7 .O.M

:% ~g

.91a
:2 .7W
.461 :g

% .!iw
.107 .144
.046

:1; ~: ~

-.279 -.2.01
-.289 -.254
-.254 –. !&4
–. 221 -.216
-. lm -.176
–. 137 -. X37
-. Ml -. a%
-: g –. 049

-.017
.Cm –. w

Walnmin @b mlumnamamoanof twotndewdant otmmatfom,..
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TABLE V-Continued

l/40-SCALE MODEL U. S. S. “AERON’’—Con.

TABLE VIII

l/40-SCAL13 MODEL U. S. S. “AKRON”
—
B4a-
tlon
No.

[u=f2A lb.lsq.f~]
TRANSVERSE FOROE PER FOOT LENGTh f ON HULL WITH TAIL

SURFAOES AND 00NTR(% OARAngle 0[ pitch-6

&w

oTo
.013

:% .191
.326 .413
.469 .616
.4%2 .377
.476
.447 :%
.344 .440
.274
.162 %!
. lm .117
.6W .OM

.ml
–: E -.110
-.110 -. 13a
–. 182 –. 26S
–. 178 –. 201
-.211 -.264
: ;~; :$

-.101 –. lW
-.623 -. Oia
–. (X9 ;%

.026

.014 .014

w ! 1“ l= [Elevatm w up]

o
.018
.074
.183
.274
.W
.303
.272
. ma
. m
.On
.0&3

-: E
-. m
–. l@3
-.111
-. m
-.146
-. 0a7
-. W4
-. m
-.016
-: ~

.05

0
.081
;%

.s22

.&w

.s59

.Em

..W!

.450

%
.169

-: %
–. 168
-.244
–. TM
–. m
–. m
-.169
–. 114
–. 629

.012

. Ofs

.0x3

.-. -.—..---. — o
------- ..-. —.- . 0J5
. .. —.-. ------- .437
----- . .. -----
------- .. -. .-. . i$%
.. -. .-. . -.---.- I.m
.. -. -.. . -------- L37U
.. ——.- _.---.- L2%
------- .- —.-.. L W
------ ——.-. . .843
-.-—- . .. -—.. .Sla
.- . . . . . . -.-. —.. .367
.—. —-. -------- ; fi7
-------- ..-. ——
.- . . ..— ------ –. m
.----— .. -.-— –. lKJ
—.—... ------ -.184
-------- .-. —.-. -. all
.- —.-.. ------- –. 281
------- -------- –. m
------- ------— –. m
. ------- .-. —.-. -.104
. .. ----- .-. .-— –. Ea
.- . . . . . . -------- –. 110
-------- ---.--— –. 055
-------- -------- –. m

gdL81b+%q. ft. g=Z8 IbJcq. m

o 0

-1--6“ W w

o
S&3

.s24

l%’
L2W
L 143
.Kb3
.m
.513
.2S3
. In
.148

-: %
-.109

.148

.270

.W

%

:%!!
.016

-. 0a3

o
–. m
-. W3

.012

.014

.016

.Ofd

.023

.114
-.027

.CG6

.02S

.029

–: E
-.011
-. O&5
-. Om
-.111
–. lull
-.149
-. KM
–. m
–. m

.WI

.0a3

o
.03n
.W
.X0
.469
.tm

:E
.411
.2U
,169
.039
.053

-: E
–. 112
–. 1s2
–. 074
–. 110
-. m
–. ma
–. 1S8
-. W8
–: g

.012

0 0
.031
.136 :52
.?$-5 .671
.4&4
.Cm i%
.m L 010
.4?3 .861
.434
.22S :=
.173 .3E3
.0$4 .149
.fm .Mo

-: R –:%
-. Ha –. 1s5
-.164 –. lla
-. m –. m
-. on . 1s2
-.070 .142
-. Ifs
-. IX –:%
-.029 –. 040
-: g -.053

.047
.018 .011

,

TABLEVI
l/40-SCALE MODEL U. S. S. “AKRON“
TRANSVERSE FOROE PER FOOT LENC4TH+g

ON HULL WITH TAIL SURFAOES AND 00NTROL OAR
[Elevators nen@ Q-25.2 Ib&. ftJ

Angle ofmob-6

w I3- b“ ‘w

0
.048
.204
.4m
.WJ
.716

:%
.674
.3s3
.262
.186

-: E
-.111
-. la)
-.141
-. m
-: g

.OM

: F4
.0s7
;O&

l!Fl15”ll&no *7
.079 .On:%! .2s

. bn :%!

.831 $g L127

%X l.. :2
. 7m
.684 .8ZI .s37
.49) .m

.484 %’
:% .245 .339
.107 .107 . 1E3

–. 039 . ml
–.lw –% -. m
-. lMl –. on –. UM
-.m –:g –: ;~
-.016

.0?S .1$9 - .2S7

.133 .2431

.697 :% 2&&

.101 . HO

.039 .ob!l .103

.056 .M3

.054 :E

.Olcf –:E .OX1

l/40-SCALE MODEL U. S. S. “AKRON’”
TRANSVERSE FORCE PER FOOT LENQTH

SURFAOES AND 00NTR(j~ ~&~w~”T~

o
.ml
. J=
.239
.377
. MO
. 4b3
.257

:%!
. !?31

:R
-. m
-. 10s
-.147
-.141
–. m
–. am
–. 018
-. m
-. m
–: ~?

.017

.Co7

o
.Qw
.432
.916 I

A

:%
L3b0
l..

:E%
.339
.%9
.139

:%$
-. Cm

.104

.X9

.412

.2?W

:2
.frw

-: E

(JHevEItoreW down)

g=12.81b$q. fL g-Z3.8lb@& ft.

wa-
tfon
No.

.

;
3
4
6

;
8

18
U

.:

16
16
17
ls

i!
.21

z
m

%

0 e

v

0
-. ml
-.033

:E
.Ols

:E
.143

-.021
.629

:E
–. 007
–. 034
–-ml
–. M

:%

%
.lM
.a37

:E
–. m

P

o

%
.303
.441
.496
.477
.412
.442
. lW
.m
.101
.05-7

–:%
–. 174
-. ml

.of3
;%

.131

.192

.122

.075
;g

M“

o
.(B4
.348
.n7

L13X
L 164
LO%
.fm

:%!
.417
.m
.110

–: E
–. m
–. 143

.m

.m

:%
.?32
.nb
.164

%!

w

0.
.Qz3
.421

i%
L 432
1.379
L 169
1.030

:%’

: “%
.123

-: E
–. w

.23a

.481

%
.612
.317
,.167

-: E

6° M“ ‘w

o
. WI

:@
.U23
.017
.076
.057
.164
.603
.0!4
.623

:%
–. Ols
–. m
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